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ABSTRACT: 

PURPOSE:To provide the method for formation of patterns using a phase shift mask which is 
applicable even to the pattems with which the application of a phase shift technique is heretofore 
not possible, allows the application to the pattems with which the disposition of sub-patterns as 
phase shift parts is heretofore not possible and can form the high-resolution patterns regardless 
of pattern shapes. 

CONSTITUTION:Exposure is executed at least twice in this method. The exposure of either one 
time is the exposure using the phase shift mask and the exposure of at least the other one time is 
the exposure for compensating the light quantity in the phase shift boundary part (the part at the 
phase boundary of patterns P3 where the light quantity is insufficient) of the phase shift mask. 
This method for formation of the patterns fomis the patterns of 



mQ^^mmff (J p) 



02) ^ F?g 4t ^ ^ (A) 



#^¥6-95353 

(43)^^ a ¥^6^0994)4^8 0 



(SDIntCJ.'^ 
G0 3F 1/08 
7/20 

HOIL 21/027 



A 7369 -2H 
5 2 1 9122-2H 

7352-4M 
7352~4M 



FI ffifi«Se»f 



HOIL 21/30 3 0 1 P 

3 0 1 C 



mmsm^ 


#S^F3-211473 




000002185 










(22:)tiimB 


3 ^(1991) 7^290 




yK^U&)mitS>l\\ 6 TS 7 S35^ 






(72)56W# 










«3Kli5fB;il|K:|tffi;i| 6 TB 7 #35^ V- 



















(54) im(D^m mi'yyh'^xi/^m^^it/^i^->miSi:^m 



(57) im) {»m) 




-957— 



1 

mtiM^mi^y v^T.ipn&.mi^y h«[#gR©3i£sif 

fe. (fit A : NA : K3t«®Mn») 

[0001] 

[0002] 

[0 0 0 3] SE*®{4ffi^7 htitlStOViTtt. #ISBa 
5 8-1 7 3 744^4i«^. MARC D. LEVE 
NSON ffi "Imp r ov 1 ng Resoluti 
onln Photolithography wit 
h a Pha s e -Sh 1 f t 1 ng Mask"! 
EEE TRANSACTIONS ON ELECT 
RON DEVICES. Vol. ED-29 No. 
12. DECEMBER 1 9 8 2. P1828~18 
3 6» MARC D. LEVENSON ffi "T 

he Phase-Shifting Maskll: 
Imaging Simulations and S 
ubmicrometer Resist Expos 
ures"|S|tt Vol. ED-31. No. 6, JU 
NE1 984. P7 5 3~7 6 3Ce«)!«»5. 

[0 0 0 4] #^BS6 2- 508 1 1 ^Ktt. 3 

[0 0 0 5] SEJfcJ:»)»lSnTV>5e;«->7hft«fc:3 



(2) #B8¥6-95 35 3 

2 

t>T. Bl 8*ifiJfflUTSiig-r^i> *®<*:;feOt?a& 

n^iiy'i>' 7>H • ;!^'<-x®/^^'->}g«* 

ff^S-e-^ a«®«£*®TXi'(4> 018 (a) ICS^f 
<fc9l'. 53SS«^®S?9Sfi 1 ±IC, Cr (i/QA) 

HI 8 (a) (c^^Ai-e^-ri^ic. mmm\z\mye 

10 B51 0®tC-5T?ttifDtf, iftOfiSi^ 2 a. 

12 b) TKaii-rSo 1 :3®ajaS5 1 2 att^Vir^ 

fcio. BIS (a) \zt>L2x^tn<, nm<rM^'h 
\hm<om^^%-z>%mit»mzf3.^, Sisasi 2 b©:;^ 
®S3i?tA2' a. -^«sir5^b&. ssa«5i 2 

a, 1 2b*»6©)t^^t>1i-«>t. A3JCa^-r±5C3t 

3fi«^^*Bv'•v-:?'s**^\ 3t®I5I#f^cJ:s«©^^^t 
n\zMb> ±mi&Kimv/t^-><D^0mmmi 2 a. 

a? 12b®±»c. loiJ^fcHl 8 (b) Jxa^fi^fctt 
K'yyhmi 1 a (v'7^'-ti»Sn-5, S i Oj 

iz^^Wi<Dmiii^&^oKm\zi:.^xfit,m-sn. ->v 
B118 (b) \z^ria<. -*©sii@epi 2 a»r 

ft«y'7 hgSl 1 aifimfSL-^il^t. ^nifim^\Il 8 
0° ®fit«->7hS4^S*>®tf*n«. Ifefir«v'7h 
S81 1 a*aofc5tH«F^B lTa?-ri:5fcKe-rs. 

^tnzm^^mmsii 2 bd^s®3ttt(ii[<i>'7 hai 1 

©1gfc*iV4TBIK:B 2T5t-rtt»TSV»»rfr-&i8L'^ 

i^m^m^^\z^x^ti^yeo)»mimi s w 

[0 0 0 6] ±i20«^. iO^SSSfeflWlJft&U* 
«(t»«lrffi£ 18 0* M«s$«£2:a:]9«S'b^f«-?»d 
39«, j:©fcai)fcB. 

A 

D= 

40 2 (n-1) 

( n ttttffi -> 7 h g5®B}>f A ttBJtafeS) ft-5«J? 
DTejg*SUfcfi:«>'7 hSSl 1 aSaJJS. 

[0 0 0 7] i3i^mmzj^r)ni'->maiti>is^. m 
/hift»r-5"boswr^i^;i'. i^mftf^-r-sfeos-r 

xi/t^btco, &^\^^\tm^\zm^-r^h<o^i^v-^ 

2|£9enir;&l^>T». ^©J:di^S'«r©«Q^i: 
50 [0008] 



-958- 



3 

V-fi^PxAWJ^J 1 990¥7^#, 108~114 

mm) . 

[0 0 0 9) c:©s!©fft«->7 

R0^^/tiS'->©SS^tlcMSL<ttl8 0*" ©ficffi 
SI*4^5!jJS*t*D, n3'->lc:±-3Tf40' tl8 

[0 0 10] HtM;:Br)^3»l, »2®/^^' 

->P1. P2*t*t>T. J|tcne^/t;$'->P 1. 
P 20TOCIS5O-&5ll3<D/'?i?->P 3*»#ft-r-5Ji 
^« S*aOCO° tl80° SrgyO^T-Siltdi-e^? 
ai-i. StWcRD'&^Ml, ^2©/X^->Pl. P2 
IdO* tl80' SHOOTS t, mAir->Pl. P 
.2®5R;^»C»0^5m3©A^'->P3»ctt, 0" SfJ 
O^TT-b, 1 8 0' €;*JO^TT'b. V»m®«^ 
fc. m. m2®/'?^'->P 1, P2®t»m*»-;5rfc 

[0 0 11] 3>^'4'h*-JK'fflfi[;7'f>®P3 
H<c*>'-'"?^'->'*^tljT. Ctifcl8 0° 

t)0ic4*©-y-yA5'->i i^&jg^bT. aoD-zf;^ 
18 0' ge©fa:«->7 hgst-rs. ix*>b:: 

[0 0 12] 

->fct>sffl5rii-p. AO. mn/yv^hXyXVi^f 
;^^->©Eti*<7?t&A^o;fe/^5'->'N.©^fflt>"5Itg 

>^e«^rfe*a^•&^tf■5t>©Tfts. 

[0 0 13] 

(5.is,^s»ft-rsfc«>©¥a] *dis©s*« i ©?§ 

Wtt, Sl, m2®^?i<tt>2lHl®g>fe<£fTVJ, 'i^U 

sjtT* 0 . < t t>4fi® i>-rn*» 1 i2i®®jttt±f2 

fiiaS^7 h VXi'®&«J/7 h«lfg|5®3fca«{6®B>t 



(3) 4#i8¥6-953 53 

4 

«"b©"C»4. 

[0 0 14] *aiH®^*«2©awtt. «fi±T©A 

^'->KiSf5*<2. 4XA/NAmTT*-5M^'->S 

*oT, ®2©i(>;6:<i'b2|5|®j|5e*ffK il> 
a< tfet>m*U|5]®gi3tHfi[fflv'7 hV7.i^^£ffl^» 

i£> 0T*S. (fflUA :S3t5e®«fi, NA :B51£«©M 
□») 

BS*:®2®^MtC:fcl.JT, mi, m2®i!»&<i:'b21il 
»*u<§IJS-r-5J:t*ft?€rs. fib. 2© 

Vi-fn®^?^lt:fel'iTt>, Si. |g2®^;ia< i:t>2|5l 

fi:«->7hVXJ'tafir®VXi!'t® 
g^t©ia*^t)-&T?j&oTt>J:VJ. 
[0 0 15] 

20 [fPffl] *Hie®tt^JBl®»MH. fiffi>'7hvxi' 
Sffltifc8Jl£®»&5-r. t©ffi«v'7hVXi^®ffiffl 
->7 hi^l?88®3tfttt«®g31£*ff 5. fiEoT. 

*iJ-«LTWA.ttO' tl80' i:©ttffltL. •€■©« 
•&0 • i 1 8 0 i©«t^T*i;S3feft^^g54^ICt)Vi 

S©T. ^«£tbTttfi»;^«ffi©/X5'->*t»sn 

>'7 hwmmr^^tmmtu^, 

[0 0 16] *HlK©a*S2©5!WCi:ntt, 

2@©S)ttJ:r). i«(»liaf®&4a'>7 hfelBlcJ: 

®J:3i*tt^fcJ:D#^n/5:t.©T*S. 
[0 0 171 012 (a) OJ:5K;. 2o®*-J^/^^' 

-^-l 2 a, 12 hm\zD-:/>^y^- (flcfflv7 hSSt 
bfciJ-:/;X^->4«;-r^. SkTmC) l l a. lib 

S2tJS»t-s«-&^A-&. j:0«^, M'^zf'yy^f- 
40 1 1 a. 1 1 bdtjfi-rJ^f SfStBIl 3lc«F^Cl?^r 

5. SI 4{C^^DT*-rJ;^JCl^S®JS:t>tC5S-e 

[0 0 18] c:®{gaii-9-:r>'7^'-i la. 1 1 bM 

'¥^<o9t^BL^ifyy\zhtchoi)m\^xib^. 

SS<SIC0. SitSt, Z = 0. liiratlt^. k/ 
NAT^fMbf-StO. 3 5XA/NAeSC;i-5. fle 
•3T3f;-;Vrt©iSSBg;*C7? (0. 8 5XA/NA) X 
2 + 0. 35XA/NA+0. 35XA/NA=2. 4 
5fl XA/NAtH^SltlCftS. 



-959- 



5 

[0 0 19] -':fj.mi2 (b) ic^-rj;3Jc2oojj^ 

1 •:>1t\-yWi»X^mf^^'^^^X^. -ao. 3 5 
m, — 32 0. 3 0 Mm®*— >lc:3l'^T. 

nm^^tSLmzt^ltif^y^Y^&Llt (016. m 

1 7) . 

[0 0 2 0] j:n-cMSta>h7Xh*^gt>tn*fiD 

ttK»xA«0. 4 5 Mmltl^t;^^.. cinttKrFl/- 
■!f-S3tet?NA=0. 4 2<D«-&T*5*t. A/NAT? 

l>7Xh*tS'b^<;a:5©B. A/NA©0. 6 5«S~ 

0. 8 SffiftVs^^iftS. 8E^T2^®*-JHB!i« 

1. 3 XA/NA£tT«)n5'->H. 2ftO!)TXi7K:*^ 

[0 0 2 1] ±iBCJ:D, t>-rnw«^t>. 2, 4XA 

/NAttTc:3v>T»a. 2iii»jtj&jja«W7r*t), cn 

[00 22] 

[0 0 2 3] ^ffill 

AM®LOCOSA^'->©}^^tC, »*3ai®5!W® 

OJg^-r-SS RAM©LOCOSy\^->®ftjiW$^ 
f. r©LOCOSA;$'->®S/jMS(i{iO. 2 5/im 
-C. 6 4pt:tfhrs' hSRAM^g^LTVi^. J1©J:5 

«a) ©t"Tftt>«?»g®if V^K r FX^v-VW- tf-X 

tt« m.%^<Dm^&mt:m\\ n. a. *to. 4 2tu 

T. KrFV— lf-3t (2 4 8nm) T78»U&»&© 

L*^UJ:©/^i'->tt. ^jS:<t'6>3':J©/t^- 
>*tsvWcBH)^oTt>S©-^. 0' ilBO* 

[0 0 2 4] cnjC»U *SyS«^(CfflViSfi«>'7 h 

T^^SUL, -^tlBO" 0->7^'-S?g^-r-5, BP 
^. Ai'->P1, P2t. r©pg#{cRI3^'5A^'- 
>P3C:3HT, /t3'->Pl, P2S&><?0''. 18 
0' tbTSVMrfi?ft->7h^«*fefc-li-SttfcK, 
A^'->P3S4J-|F3UT0° , 1 8 0 ° t-r-5®T*-5 
(ft-Jr^^P 3 a. P 3 hXTht) . fflUX^—^fttSl 



(4) i|$|8iP6-9 53 5 3 

5 

#6n5. /t^'->P3»C'Pl'»T, 0* tl80° ©^ 

#Ttt^t3iS*^0i:;ft-pTt>-5o l^ftn^-ylfim^^lt 
*#B5tfeM5^f>. S«S«lftL/&tr>. 

(0 0 2 51 iE'TXi'SffllsT. 1 |5Ji©g316*ff 

5. v'J7.vn^->^i&\zmm-^^mz\i. kffx 

+->-rU— tf-31£IC®)feU. 0. 2 5 <im>'X^'->®» 

JO T*-SXP-8 8 4 3*fflVi.5tAVi. 

[0 0 2 6] et±®l|51B®S5tSfT-3m ««f-5 

i:ti6:<. ^®*t 2iiiB©B^fe?&fT5. c:n»cfflv>.5 

TXi'B. ^!4<tt>Hl©fi«>'7hTXi'©iarffi-> 
7hJtlfa5©3ta*|fi©g|?teSff^Sfe®t?».5. IP 

i|5ia©S3tTjt®^fc^a*>^?co° 1 1 80° 

V>fc, H4®MSB»Tf> 02®MSS»*J^3tSn^ 

20 sns. ^:n«0i®/t^'->p 3®o° tiso- t 
(Dm.^(n^m^&(f>mmznm-^. i^i;<04®n. 

Lgg5^*t02®N. La5i^lr^>H6:-r5. 02® 
11. 1 2Ta^-rj;^fC, 0. 2 5 wmfc**«, 
->&©•?. i:®2|5|gg31S{C:feViTtt. a«^®S5t 

vxi^T+i^Bjie^rigT**. fflu, ;:©2iaB8i5tfc 

ffll>.5 2ttB®-7Xi'fCOViTt>, pgiJ-'f KKiJ-r^A^' 
J6«9fc*V»Ttt, ±gB©*D<tcA^'->*2:3fc^^iJb 

T, 2as©vxi'Sf^o. 2g©B^;&fT5;itJr<t 
idlcb. L*»t)«ifflyt^'->®jp^£piffitL.fc'b® 
[0 0 2 7] *^iS«qCJ;nti. l|Hl©E?t-efJ«^L/ 
2 ft©VX^*ffl«bT1g»0ffl®3tSfT5 1 1 fefc, 

[0 0 2 8] /i:fe*5IJS0!l («T©^JSWt>[Mi;) 
V^Ttt, lffiBt2SB©||^tfcftSjEffl;a:ffiggt* 

SOG. ki>Xh&jaiC^*L. EBJiH(lAt9v7i5' 
S. 

[0 0 2 9] ^«q2 
^HJSOTtt. 1#lCif*352®5!MS3>^'i7h*-j|./'? 
50 ^'->©Jg«fflgitlClBfflLfc'b©r<&-5. 3>^'i7h 



-960- 



(5) 



6-95353 



8 



to 0 3 0] «A«64~2 5 hDRAM* 
Iti, J:nf4S«±T» 0. 3 5tfmftoaa8/X^'-> 

iS^* (C r^) ■^13.<, ^-^i^yf- (18 0") ^ 
±-lfO. Iwm. •v'Xi'iTO. S/tm) . TX^fPS 20 

•B-T»»g^»ICji^Lfc®-ei&S. SIR{®g3tfctt5}? 
'^i^'JT.hifi&mn.ltlb. 0. 3 5 ftin/t^->®«» 
**^liaW5?XhiUT. FH-EX (:7'J^%y^)V 

[0 0 3 2] 



y/X^- >®S®**T^&:*»-pfc/t^'- ^"x©!^^ t) Pj 

[02] mSfiH 1 TJglSf'<^/T:5'-> (SRAM©L 
[H31 Hl©-7Xi'©3t3S«i^*->5jLl^->'3>H 
[04] SIJSfliai®2|5ieS^t;:ffitiS2tScB®vxi' 

[0 5] s^ft^ 1 iz^tt^m©. aiirs3ti£(cj:'&^ 
[06] iisfiCia2©-7Xi'®3taia>'5 3.U'-s^3>0 

[0 7 ] ^Jgfll 2 l343lj-5Mlt©. «E*®ffi«'>7 hft 

[08] m<r>ni'—>(omm>'S.3.v-~yB>WT2 

[09] *iSC^2T}^J«r'<#«S±©3>^'irhJi?- 

;i';i^->®0T&2.. 

[BIO] nmm2\zm^nvc<D, s^^^tssjcct-s 
[01 11 miz^yhT7.!^0)vt^om^mi^h^o 

[012] hTXi'®i3e3l5®«jiCS|T-ibS. 
[0131 WJi/S$gttWrSfc«>®^3fiS»«->5al^ 

[0141 ^s^£Siwr«&«>©3ea«i^^i/53.i/ 
[BIS] Nji^%geiq-r«^»©0-?i&-&. 

[0161 Fp^JS^<£ifi§3-r^fc*®0Ta&«., 

[0171 mmM.^mmr^fz.tt>oiweh^. 

[01 81 Kvxi^®ISagiM0T*^. 
[4^©f»911 

N. M. L 

PI. P2. P3 /1:5'-> 



[HI 2} 



"-QaDDQ-" 



l2o- 



(6) 



#BB¥6-9 5 3 53 





-962- 




[il8] 



mi] 









□ 










□i 


□ 








ID 






□i 


!□ 






□1 


□ 






□i 








□1 


ID 






□i 


□ 






□1 


ID 








IB 






□i 


□ 




















£3 = 0,5iJm 



-963- 



(8) 



#S¥6-9 5 3 5 3 



m9] 







□ 


□ 




□ 


□ 


□ 


□ 




□ 


□ 


□ 


□ 


□an 


□ 


□ 


□ 


□ 


□ □ 



[010] 



/4 « 0 35iim 



[Bll 1] 

II 

I h > J2 (0*) 



(0) 



n 



" II 

lla IS) 

CZJ ^I2b 



'-on[yid& 



IJ600 

I.2O0 
I.OOO 
QfiOO 

aeoo 

OAOO- 
O500- 
01X)0. 
-0200 

-o>«oo- 

•OjBOO 
'OJ900 
'1.000 
-(£00 
M.400 
4fl00 



mi 3] 





c 




8© 



-1.000 -OJBOO -0200 0^00 OjBOO tPOO I MO 

-1^00 i.eoo 



-964- 



(9) 



#K¥6-953 5 3 



I.6O0 
1.400 
1.200 
1,000 
0-600 
0.60O 
O.40D 
0.200 
OJOOO 

-a 200 

-O.4O0 

•o.eoo 
•oaoo 

-1.000 

-ijeoo- 
-woo- 

-1.600 ^ 



[a 14] 



[@1 


D 


•©1 


©1 



115] 




-1.400 -1000 -0000 .«aOO QZOO OJ600 IjOOO I.40O 
*l«00 1^0 



O.S Q3 
(urn) 



5t 



[@161 



o.T»j&o.e*4 H m i 



' WAri as 




[HI 7] 
Kf F{248nm) tie iT« A5* 



i,ritft(y)Q2iim 



fill 




0.6 



(iim) 



—965- 



ao) 



#Ba¥6-9 5 3 5 3 




(5i)iat.ci.« m\mn fft^imm^ fi mm^m 

7352-4M HOIL 21/30 3 1 1 W 



